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_ Abstract

s ‘ ! 2
"ae purpose of the present study is to examine the April, 1974° "

“«

gcholastic Aptitude Test (SAT) for item-conteht bias between the
sexes. By so doing, this séudy forms a iogical ext;ntion of the
work,ofsCoffman-k1961) on the '54 SAT, and Donlon (1973). on the
'64 SAT. A study of item~sex bias was conducted usiné'the method

of delta-plots (Angoff, 1972; Angoff & Stern, 1972). Those items

hE)

demonstrated tonhave,different "psychological meaningﬁ were then
investigated for .patterns of content bias by referencing'to the
test assembler's classifications. In addition, the test was

- .inspected using the critéria established by Tittle, et. al. (1974) )

and Lockheed-Katz (1973) for determining sex bias. The results

wi

of the two methods of analysis were compared.
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) Content Influences on Sex Differences in
Performance\fn Aptitude Tests

s
Barbara Stra berg—RosenBergl
State University of New York at Buffalo

Thomas F.\ Donlon
Educational Testing Service

Maccoby ané Jacklin's (1974) survey of the 11térature suggested
that women are mor; verbal, men more quantitative -~ but is this
true, or'is it possibly an artifact of item-sex bias i;-gﬂe stand-
ardized examinations which were studied, and cultural tracking of
the?sexes into‘s?cially acceﬁéable'stereotypical courses? At least
one maj;r test, the College Entrancenﬁxaﬁination Board's SAT-Verbal,
does not reveal this "established" pat;ern,'for on this test the
sexes score equally well. Is this indicative of a change in the
comparable intellectual ability levels of the sexes, or possibly, a
different balance of sex-interactive content within the test? The
primary;object;ve of the present study is to 1nvestiggte.the possi-.
bility of sex(bias iq the items of fhe April, 1974 form of the
Scholaskic Aptitude Test (SAT). -Ite;-gei'§4§;~1s_g{;tistically
‘defined in this paper as an aberration in the patéerg of difficulty.

~ for males or females en a-specific item when that item is compared

o » b4 . . s

to performance on other items within the test or section. That is,

those individual items which demonstrate an item-group interaction

Y

effect, as determinqg by an analysis of the plots of item difficulty,

H

"

A "~
&

1The authors would like to acknowledge the contributions of Dr. T. Anne Cleary,
of CEEB, who supported the study;" Mb.kJune Stern of ETS, who consulted on a
nm® .r of statistical matters; and Dr. Jegdry D. Finn, of SUHY-Buffalo, who‘
read and criticized an early\draft. / :
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are considered%aa sex-biased, Thus, content bias is considered, 1if
an apparent content factor can be determined for the biased itenm.
Language bias, as‘well as stereotyping (rittle, McCarthy, & Steckler,

1974; Lockheed-Katz, 1973) is al®o taken into account. Basically, the”

authors have attempted to analyze the items in both a subjective and

Y

an objective sense, exploring “in depth the potential sources of bias

in the individual item.

o

This inquiry forms a logical and timely extension of the work
of Coffman (1961) on sex differences in performence-on the 1954 SAT
‘and Donlon (1973) on content factors in sex differences on the 1964
SAT. Coffman compared the_periormance of a male and a female sample

(male=370, female=370) on the:verbal aptitude section of the March,

1954 Scholagtic Aptitude Test. Drawing off theﬁg;p ang bottom 100 -

cases from each sample, item difficulties were computed as values

of ¢ using an arcsin transformation suggested By Walker and Lev

N - -

. . D erences between correspondain 8 for the male
(p. 423-24). Diff betwee ding ¢'s for the mal

e

and female samples were obtained. While the total verbal score

indicated no differences in general verbal ability betweenmghe male

-

andffemale samples, indiyidual items were less uniform. Those show-

ing’>large differences.in difficulty were inspected for possible

content explanations. Thus Coffman categorized the three items on

which the women's sample did better as involving words which describe
personal feeling or personalfty characteristics. Of,the six items
favoring the male sample, on the other hand, three concerned mechan~

ics or business vocabulaty. Coffman could not-develop a content

-
>
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hypothesis for three other items. In another phase of the study,
when a test comstruction specialist studied the 60 verbal onmibus2
items, independent of the item analysis, he discovered 17 items for
which he predicted a significant sex'd;fference in performance:and %
the direction of this difference. In 14 cases he was.c?rrect.

Coffman concluded that if "....differences which appear in responses

to aptitude test items are relevant, then items showing differences ;

' gshould be removed from the item pool or ;qntrolled at the -point of

assembly to insure optimum weighting in test" (Coffman, p. 124)..
« Donlon studied the performance of the entire population of
candidates for the May, 1964 Sghblastic Aptitude Test. For the

SAT-Verbal, this involved the scores of 55,717 males and 47,083
N ‘
Females; while for the SAT-Math, the scores for 55,717 males and

47,982 females were available. For total test scores, no performé",

ance difference was found between males and females on the verbal.

Males, however, were superior on the math. Donlon followed Coffman's
meth;d of investigating items demonstrating i:rge differences between
item difficulties: usi&g ;a the index of item difficulty "p" - the

prOpOttién of candidafesQreaching the item who ansqprgg it .correctly.

For the verbal section, Donlon found that items classifted by the

i

test assembler as Human Rélatignships, Humani ties or Aesthetic ~

Philosophical are easier for females, while items classed as WOEld

of Practical Affairs 6r=Scienca are‘easier fbr males. This corrobo-

" rates Coffman's findings that' items involving wogﬁe«fgiifzﬁlto

¢ -t

"people" are easier for women, while items relating to "things"

2Verbal omnibus items include both the discrete verbal and reading
comprehension items, thus composing the total wverbal section,

6

-

»
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are relatively easier for men. Donlon also included summaries of
the average dﬁfereﬁf.es in item difficulty (p-differences) by item
) <;{ype. He found thaei"...tonlﬁ the sentence completion material was
~ truly fbalanced in this fo;'m. Antonyms and analogles tended to favor
females and males respectively, by equal amounts, while reading
comprehension favored females by the largest amount" (bonlox:, p. 10).
In his analysis of the rathematical section, Donlog found that, on
the average, .each math item. favored males by about_ :07. Only two
iteme demonstrated a difference in favor of females. Of these.bwo. s
items, one involved a house@oid setting vhile the othe~ was~en
- "algebra" -question. Surveying .the 60 matgditems, he found that 17
has real world referents (e.g., pulleys, wheels, cars,.etc.), while
\ 19 items could be classified as.Jalgebra." The report comments that ’
. "There seems to be a masculine tenor to the contents of the 17
"sub}ect maéter" items. No ;‘.emales are agents in this yorld, We
meet 'a boy:' 'John,' 'a man,' "Mr. Brownf.l...Nor ere these_ feminine
things" (p. 14).€ Comparing male-female performance on the "subject-
matter" versus "algebra" questions Donlon states, "If only .'subject
matter items' were used, the male 'advsntage' ‘could grow to aboue 60 -
scale units. If the:'items were limited to ‘algebra’ the differences
could diminish to about 20 points" (p. 16) While the study- cannot
j; eqtablish that content is the determining factor in the difference
in item.performance between males and females, Donlon concludes with

the advice that."Longjstanding and stereotyped expectations of sub-

group performance may be less permanent that is believed” (p. 18).

.
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Data: Source

The! Scholastic Aptitude Teét scores are based upon two sepa- -

I

. rately timed math sections. While additional sections are included
= for equating and, pretestieg:“enly those score—producing sections
were considered in the present analysis. The verbal section con-
sists of discrete verba% and reading comprehension questions. The
. . "discrete" items are so‘ called because "they are cgmplete in them-

selves, rather than beingtassociated in common with a passage as

are reading comprehension’questions“ (Donlon & Angoff, 1971, p. 22).

The discrete verbal items consist of three item types: sentence
completion, antonyms, or analogieg. Each 1tem type is also coded
~by content s Aesthetic—PhiloSOphical, WOrld of Practical Affairs,
Secience, Human Relationshipg, or Ceneral. For the reading compre-
hension items the content is determined by the content of the passage.
"There are eurrently-sé;en passages, each with five associated
qﬁestions,ein a typicai éAI. These passages consist of one each from
the following eeven”copteht eﬂtegories. " narrative, biological
sciepce, physical science,.synthesis, argumentative, -humanities, and
social studies" (Donlon & Angoff, 1971, p. 22). The math iteﬁs are _
fofmal;y divided into twd ma;or item tyﬁes: , regular math and data

[+

su}ficiencX: In a data sufficiency questioﬁ, the candidate need not
. . EY -

~.

solve the actu;I\ﬁreh;em, but must,simply decide if sufficient

"information has been given to solve it. The math items are further

classified by content as Algebra, Geometry, Arithmetic, or Miscellaneous;
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’ ‘ Method
s ' )

- /! From the populatfon of 449, 266 candidates who took the

Sgholastic Aptitude Test\in April; 1974, a randqm4sample 6f—5,993

| S

/////// examinees was available. Of these, one thousand sﬁbiec;s of each
R ‘ ’ \ - ’
, 9% werg(pelected by a ragdomrspaced sampling technique for the

b..__./ . ‘ i g
present study. / : .

»

An item analysis was performed for .the male and female groups d
separately. The proportion ;f each group responding ;;;reétly to
- each item (thg pfvaluef was computed'and transforme§ to a normal
' deviate, delta3.. The d;lta-Values for tﬂé female gf?up were theh‘
crogss-plotted with the delta-values for the malefgroup, reéulting
in an ellipti&al pattefn of -points for the set of itemsawhich was
compa;ed.m "....the correlation coeffiéient re;resented by the
ellipse represents the degree to which the items have €he=sape fank N
order of difficulty in the two‘groups ~- algo a representation
o . . o (inversely) of-the item x group 1nte{§?€ion" (Angoff & Stern,
19ii, p. }). Suych delta-plots were constructed for the verbal;

. omnibus (total verbal), total math, -disesete—verbal—(vosabulary

<omprehenston, regular math, and data sufficiency items on the test.
fﬁe major axis of th; ellipse'for each delta-plot was algebraically
determined by a procedure developed by Angoff & Stern (1951, p. 7-8)
agd the perpendicular distance (D) of each itempoint from it com~

puteqf The standard déviation of the distribution of these distances

PREEPSE—- - - ©
Y
o
>

3pelta (4) 1s an index of item difficulty for an item. A = 4z +13,
X -.“where z is a normal deviate corresponding to p , the proportion of
v examinees answering the item correctly (Angoff & Stern, 1971).

. . 9
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18 4 function of the item x - group interaction (Angoff & Pord, 1971,
P 53 Angoff & Stern, 1971, P 7) ,The itema departing nost extremely
from the concentret:lon of points in the plots (outliers) ‘are regarded
_as contﬁbutingv to. the item x group interaction. . They are the

items that do not fall in the same rank order of difficulty for tne
males and females. Such items seem to ,rex;resent a d:lffé'gent- ‘
"pefchological meaning" (Angoff, 1972) to the members of the two
sexes, and are defined as sex-biased in t!xfe study.\' "They are’ehe
1tem that are especiaily more diffic.ultdf,or one group thiu; the 6
other, relative to the other items" (Angoff, 1\972, p. 2). That
is, when ,the -distance from the major axis 15 less tiian zero, the

items tend to. be more difflcult for the group defined on the ordinate )
than were most od\er items of the same test for the saue group.
Whereas, -if the distance is greater than zero, the item tends 'to be
‘more difficult for the group defined on the abscissa than were most
other items on the same test for ‘the same’ group. If the distance
equals .zero, the item is of approximately eqt}al difficulty for the
aperopria'ie ag::oup as compared to the other items on the test.

The test assembler's formal classifications of items were
examined to see if a relationship exists between item content a;d
different ;'psychological meaning." The fndividual items of the tests
were also inspected uaing the criteria developed by Tittle, |
McCarthy, "and Stecklet (1974) and Lockhee"-l(at:z (1973) in regard to
language bias and sex stereotyping. Ratios of the frequency of

usage of male nouns and pronouns to female nouns and pronouns were

- o
\

\
\
Y
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- computed for each sectionk The statis ef the male and female

' perfqrmance on the SAT. The differences between mee;s do not exceed -

‘equivalence was not discernible in the earliest forms of the test

-

(3

éharacters vithin the:test were compared as a check for equality, .

L] . -

The items were further analyzed to determine if their content s

* 9
Q. " . »

reinforced trad;tional or atereotyped images of men and women., L
. - P .'d . ' B s E ) ) « .
- . ) / " Toe
T JResults and Discussion R e
. . ~ N L N

Y
The means "and " standard deviations of the raw scores and of the

1tef dtfficulty indices can be. fqund'in Tab1e 1 for,both'the male \_“_, Ww -

.
Al LI ¥

and female sanples on the verbal and mathematicaI sections of the v

: .
\ " - % -, It ey

L
. '

Ingert Tdble 1 ahoui‘ﬁere

£l . o

SAT. The verbal scores are virtually equivalent for the male and '
female samples. That is, neither the males nor females, on the ‘

average, appear. to have greater verbal ability as measured by

- that vhich would be expected by chance (p.>05) for both the item and

score data on the.verbal section. This‘finding 18 not corsistent

with the Maccoby and Jacklin conclusion that girls and women are

. -

higher in verbal ability (1974). The same finding surfaced in the
Cof fman and Donlon studies, apparently indicating a trend towards - °
. k4 o

equivalence in male-female performance'on :ﬁe_SAI-Verbai.“ This

(Donlon, 1974). As 4an be seen.in Table 1, the males did score

)
higher on the mathematical sections (p<.01). Both the regular math

-

11
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. S z:nd data sufficiency subtests proved to be more difficult “for the
Al .a”d % ’
- *  females'than for the males as illustrated by .the higher female A's

. \‘ se . J
‘) ) " (p< Ol) This confirms Donlon 8 finding of superior male mathe-- Cl
. ) -
’ .. mstic;el perfotmance on the SAT and substantiates Maccoby snd Jacklin s
R . :c‘oncluaion that males are more mathematically able. o

o < <
LI o

The interco:rrelations between SAT total test scores and sub-'

scores for the male and female samples appears in Table 2. Of o

.~ ‘ P . s

. ot : ~« §+ . Insert Table % about here .
» * . “ e .‘ ¢ . xr X ) \
G ,;“ ) Lin‘teres't is<th‘)e fact: that a higher correlation exists hetween theg
' . R .
regu].‘ar math gnd 'data sufficiency subtest ':'or the males than for the
Ly \\ " .
) fema’les\ p< 01.)4- 'I'hat is, performance on the regular math and data

AREE - fv - ﬂ"’?
S e

sufficiency. cti:ons seems to be more related for males than for-
,- L females. This is of interest "in light ~of Donlon s finding of a

slightly improved position for wfemales An respect to males on the
R ‘ . data auf.ficiency' items. ,‘Referring to ‘I’able 1, this data als& sug—
/ " .ot < ( v~ o ¥
gesta that the maléa do not have rquite as great an advantage over -
L 1

the females on the data sufficiiency scores as in" the regular math

-
’ r
M - " . .

section, B N .

-

%

. +As discugsed above, males and felnales do about equally we%l on

Ls ! ¥ v .,

the SAT-Verbal, and males perform better on the SAT-Math. Oversll

5

o

' " performance, however, dces not aanswer the question of- whether item

L Y d

' _content bias is’ present. ‘A group may perform bétter or worse on an -

Pl -

o
sptitude messuring instrument. because of different abilities; but

- -

. ) N PO . - .
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it is also possible that overall performance can be unknowingly

weigﬁted to favor a particular grolp by the specific content of the

individual items. 1In effect, total scores might be masking important

<

item performance variance caused by bias, rather than ability. Thus,

3

the focus of the following analysis will "~ = = individual item,

rather than on the total score.

. Table 3 gives the distribution of observed D-valu

Ingsert Table 3 about here .~°-

N

axis of the ellipse -- for tha item delta plots for verbal, total

mathematical and separately for two classes of mathematical material.

In addition, .a statistical summary of the results is presented. The

correlations between deltas for the,male and female samples are all

5

L greater than .9, ndicating a high %orrespondence between the rank

_p—= LA \

orders of item difficulties on the various sections for these groups.
The standard deviatinna of the D-values are Correspondingly small.
It should be noticed that the D-values have a mean of ‘zero (0) P

Negative D-values are measures to points that lie above the major )

axis line. As can be.seen in the delta plots,'Figures 1-4, the malé
; o

‘delta values are plotted along the abscissa (% axis) and the female

-

. . Insert Fipures 1-4 about here

o

- G lU -
_delta values are plotted on the ordinate (Y axis). A dotted line

s
+

13 -
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has been drawn at a 4§° dngle to serve as a reference.. Items
falling on or near this reference line are of approximétely equal

difficulty for the male and. female saﬁﬁles. Negative D-values,
l‘

distances to points above the major akis, are easier for the male

group, but more difficult for the female sample relative to other
\

items in the particular tes; or subtést. Conversely, poéifive

D-values tend to be easier for the female group and more difffcult
< : P
for the male group relative to the rest of the test. An inspection

of the frequency distributions (Table 3) reveals that the largest

negative values are greater than the .largest $051tive values for all

sections, indicating a balance of specific items bitased in favor of
. ® )

males or biased against females; The greéter the distance from the

hd ~

major axis (the greater the absolute D-value) the more the particular
1téﬁ contributes to an item xf group interaction. For purposes of
this study, it was decided that all D-values beyond +1.5 sfandard

deviations would ‘be investigated for possible sex-content bias. For

‘example, for ‘the total verbal (verbal omnibug) the standard devia-.

tion of D = .3959, and all items with a absolute D-value greater

than 1.5 x .3959 or .5939 vere investigatedza_ »

-

Insert Table 4 about here.,

°

< R ! .8
Table 4 1lists the item number, D-value, and norm%lized D-value

value vide y the standar cviation of the § or all verba
(D~value divided by th dard deviati f the D'g) £ 11 bal

2

"items. For the total verbal (N = 90), 12 items met the criterion.

4This can also be found by taking all items with é normalized D-value

41,5 (Table 4). 14

2
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(starred items. Table 4). fThese items are also labeled in Figure 1y

the delfa’blot for the.Sgy verbal. -As can be seen, nine items were
biased towards nales (above fine, qggativetDevaiue), while three were
biased in favor of females (below line, positive D-value). These

twelve items are listed in Table 5 with their D-values, normalized

Insert Table ‘5 about here.-

a

2 -

D-values, difficuity indexes, assemblers codeé, and item type.  Of the

L tog . .
nine items biased towards males, four were coded by the test assem-

blers as World of Practical Affairs, and three were coded as Science.
The remaining two were reading comprehension items, one frﬁm a

Science passage, the cther in a Synthesié passage with histsriFal— -
political tones. As the difficulty index (4) of 1tem°39‘(R.C. I
Syntﬁ;sis)”is so high for both males and females, and as 39 is the
next to the last item in Section-I, it night be argued that candidates
were guessing in haste based on partial 1n£ormat10p. Thus, there is
the possibility that this item is not realiy biased ~ but just rushed
on., Of the thrce items in favor of wo;en,'two were cla;sifigd as
Aesthetic-philosopbical, while the third wad coded as World of

" Practical Affairs. Closer inspectfon of this item revealed a.possiile
mislabelidg -- in any event the~ite? seemed;very peréon—orienied to

" the authors (tﬁid item involved the antonyn of the ﬁqfd""péchlfhi"f:af
The content of six of the nihe verbal items Biased'gowards?males

involve clear references to traditional or stereotyped male interests

or skills: one involves the relgtioﬁship between time and space,

i

15
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. transportation and communication; two are science items; one is a
o ‘ : '

political science question; two are analogy items that deal with

- mechanical-electricdl vocabulary, and one is a sentence completion

dealing'with war and man's labor and-skills meeting human needs.’

-

This 1§s§ item\'\wgs perhaps most extreme in i‘tl's, disregard of females

and at the sametime the most statistically biased! /Of the three

verbal items biaqiz in favor of women, two involve the aﬁtohyms of

T personality- charag erist%is while the third involve a word found in:1>

-

cooking or as an adjective for clothing. ‘ -
= . ‘ ) o
A check of the verbal discrete items as categorized by assembler's

£y

A\

Lt

" xormal classifications (Table 6) revealed a pattern of avérage bias

‘

N +<Insert Table 6 about here-

in which World of Practical Affairs and Science items are biased
agéinst women, whereas items coded as Aesthetic—ph11050phical and
Human Relationships are biased, on the average, against males. These

findings parallel Donlon's and Coffman's suggestions that items

4

reléting to "tiings" are easier for males, while items relating to

. 5"peop1e? are easier for females. To make the comparison to Donlon . 4

~ . and Coffman clearer, Table 6 also includes the mean difference between ¢
- male and female deltas (4tem difficulty levels) by assembler's

classification. As expected in kiéw of the work of Donlon and ‘

-

| Coffman, items relating to "things" (ﬂbrld Gf Practical Affairs and

’

Science) are more difficult fof iemalgs-as compared tb items relating

to "people" (Aesthetic~Philosophical and Human Relatiopships), which

N wy e

o . ' 16 ‘ \ 5.




:
4
\
3

~14-

tend to be easier for females, although not to the same extent. In
light of the average differences in difficulty level the balance

L)

of_items geems somewhat inappropriate, That is, 30 of the discrete
verbale itens are'quld of Practical Affairs or Science,iwhereas
only 24 are coded as Aesthetie-Philosophieal or Human-Relationships{
An equalization of item types with the removal of the most biased
items would be mofe equitable. . . |

Analyzing the SAT-Verbal by item type (Table . demonqtratea

very slight biar, on the average, for ‘any one item type. ‘The sentence

I3

Insert Table 7 about here

“
”

completion items were the most biased on the average, and in a S

‘

direction favoring males. -Analogies also”tended to favor males, while

C

reading comprehension and antonyms apparently favor females very -5

A

ra

F

slightly. As the mean bias by item type is so slight, investigating ﬁ“g

items-by content or claesificationecode seems a more fertile approach
for the verbal test. Donlon also found that reading comprehension

3

and antonyms were easier for females, analogies for males, but found'

P

no difference for sentence completion. . ’r;¢
Reference to male or female characters and pronoun usaée did not
seem to influence eithef the delte value of bias index (D-valué) of
thewindividuai verbal items. Using the Tittle, et. al, ratio me;hod,
the verbal omnibus items have a male/female reference ratio of 1.75 .
for all usage (regular and generic) and a ratio nf 1,11 for fégnlar

<

usage only, indicating an imbalance in favor of male references.

2

17 e
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Moreover, reference was generally stereotypicel. Throughout the
. /

items we find men in positions of power and fame -~ %h politics,

music and art. No famous women were alluded to, Thbse female
references made were to mothers and children, and of nymphs dancing
alluringly for male gods — positions of 1ess stetus -and "power.

Gegeric usage tended to appear limiting to female pursuits and could

[

have yeen alleviated with words such as penson, humanity, clvilization;

. . /
etc. More references were made to in;egests/generally.cbnsidered ‘

male than female -~ for example, tiansportﬁiion, war,imeiities, i
; \ B

/

Quechanics, science, ete. Thus, the test/eeemed male—orientedWr. a

/ / I
finding that concurs with Donlon (1974)h The twelve. most biased items
examined earlier also demonstrated th;s. .

- ;/
SAT-Mathematical Bias Analysis /’ \
Table 8 1lists the item numbe/, D-value and normalized D—valme

_/ o :
‘Insert.TaBI#’B about here .

for all 60 math items. The deita plots for the math section appear

in Figures 2-4. The math secéion was divided into its two comboment

item typee, reguier math and data sufficiency. Although males out-.

‘ petform females on bdth maﬁh item types, this advantage is less

'ﬁarked for -data sufficieney. The average delta difference (male minus ‘

female difficulty index) on the 18 ‘data sufficiency items was —.6723

as contrasted to an average ditference of -.8548 on the regular mdth_

" items. Donlon (1974) a{eo found an improved position for females en

- / -
i
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° 1

the data aufficiency items. 1In terms of feducing sex bias, it

would sappear more equitable to have an equel number of data suffie .

8

ciency and‘:egular math items. Gurrently, there are 18 data
sufficiency items and 42 regular math items. For a number of

reasons, however, present plans call for eliminating the data

r

sufficiency item’ type from future Scholastic Aptitude Tests.

3
The same criterion was used to determine item bias ‘in-.the math
i .a . T _ﬁ?‘% ) *, ) T
sections .as was used in tlie 'verbal test (+1.5 standard deviations
. - Y + b4

*

“’.1;‘

il

" on whether the distributions for the entire math test or, for the

A

SOur approach ignores item 35, which would have been considered in thi“'

distance).’ Items f\i\upd biased Tﬁz}_this criteria are starred -in
Table 8 and identified dy the delta plots, Pigures 2, 3, and 4. As -
'can be seen by inapecting the starred items in Table 8, there is

some variation as. to which items meet the bias' criterion, depending

v

component sections are used as the reference performance. As males
and females tend. to"perfofﬁ differently on data sufficieney items as
5 R *
compared to regular math items, it was aecided that the sepatate

L distribuﬁions were fairer performance references.5 By this method,

a totsl of 5 of the 42 regular math items and.2 of the data suffi-

ciency items vere determined to be biase&.— These 7 items are listed

in Table 9 with their D-values, normalized D-values, difficulty -

4indexes, and assembler's code.

IR

'

’ Insert Table 9 about here

4

-

i
[

combined mlysie. For ‘the curious, item 35 which seemed to be biased
in favor of females when total math performance was considered as
reference, is a data sufficiency algebras problem. However, due to its

~ high difficulty level (4 male = 17.5, A female = 17.9) and its position

on the exam (last question in Section ﬂit would probably have been
dilemtcd as 8 epud o!fect. . . ) o

)

we




s
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- -

-

. 9  Of the five'items biased in favor of‘males;’tﬁree vere coded

as geometry and two as arithmetic. Because of the high.diificylty .

/ -
level of item 32 (data sufficiency, arithmetic) and its near end_

.position (Section IV has 35 items), it could be argued that this

item is not really biased -- but merely answered rapidly and on the

basis of partial information. Of the two items biased in favor of
women, one was an algebra que§t16n and the other was codad "
"Miscellaneous ~ elementary number theory.” The miscellanceous item,

item #2, involved "létter addition" -- filling in the missing units

" or tens digit in a twp:gigit, four addend addition problem. Item 2

"~-was of interest fer-seveieljfeaqons: 'a) it is the only item in the

entirenmith\eeg;iop which was easier for females than males, b) it‘
ﬁroved so easy (94X Gf*the femaleé and 937 of the males answered it

correctly) that it misht be showing up as.a biased item simply

v

! ‘a —
because it was so edsy, and c) although coded as miscellaneous, it

could‘have easily been solved by algebra (inﬁeed, the authors didl)..
The data was next eubjected to an analysis for bias by content -
code. Taﬁle(iq,ﬁivesﬁthg four:assembler‘s content codes for the - : .

math section and the gwerage bias for each, for both item types

Insert Table 10 about here ‘

S5~

(regular math and data sufficiency) together, as well as separately.6

A
Differences in average bias‘between regular math and data sufficiency -

items are to be expected, as the delta plots are calculated on ‘the

It should be noted that a total of five math items.have been dropped
from this analysis due to high delta values and their near end positions
in their respective section. The eliminated items are: Section III -~

23 & 25 (both regular math), Section IV -- 32,. 34, 35 (all data sufficiency)

20 %
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basis of relative performance within a given section, and as females -
tend to have a slightiy improved position on data sufficiency items.

Examination of the total math section, however, suggests an inter- “

action effect between item type and content_code. That is, we find

_the average bias of a given content tvpe also dependent on its item

type. The geometry regular math items were the most -biased, on the
avetage, in favor of maiEs. The data sufficiency geometry items
were ,9° biased in favor of males, but not ;o the same extent.
Arithmetic regular math items were biased very slightly towards ;
mqielgcvantage, while erithmetic data sufficiency'itemp sﬁowed a

greater bias, but in the female direction. Algetre regular. math

items we::"biased, oni the average, in favor of females, with algebra

.data sufficiency items showing almost®no bias. The five miscella—

'eeous‘regular math items demonstrated an average bias in favor of

females, with the thrée miscellaneous data eufficiency items barely
showing any bias, but still in- 4 female'ditection. This 1s analogcus
to Donloc's analysis by content in which he found those items with“ﬁ
algebra coctent to be easier, on the average, for females than f
geometry content items as compared to male performance.on algebra
and geacetry iteme. It is interesticg to speculate that the male
advactage on geometr; euestions<might have some relationship to the
scperibr s atialization skills of males. ~. ‘
; Donloz\;:axge:ifcated a group ofséEVenteenzgqgggyatics items as

"subject content" --\{items with real world refepents, which he-shggeé_

were more difficult for females as compared'to'males. Using the same
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«

grouping technique, twelve items in the pregent study were found to

£

have real world referents. Within these twelve 1tems, eighteen male

< a >

k]

nouns or pronouns and eight females nouns or pronouns- were used,

generating a Tittle ratio of 2.25 (18/8). That is, references were

made to males more than twice as often as to females. No generic

pronouns were used. There did not seem to be-a direct-reiatioﬂhhip

- between pronoun usage in a particular item and that itgg'avbias

direction. The references to the enviromment were somewhat mixed as
to pdssibly stereotype, being not quite as male-oriemted as in
D;nlon's study, six items involved male 1nterestsipf skill?,‘four
involved female interests, ard two were neutral. ihe gender char-
écteristic;‘of these mathematical items are very 11m#;ed;. For
example, the test taker will find Haria'g earnings exéeeding last W
'years, ;nd two girls'in a swimm;ng pool; but must also-calculate r
whét percent of Ja;k's 1nb3mb 1; gross profit: qhe.gre;test humber
of items{a boy can buy with his money, the temperature in an experi- ' -
ment: which of three men,'Bill, Frank or Sam, have the most money:
etc. ' ‘ L

Tﬁe item number, general content, item type, content £ype, delta

value, and D-value are given in Table 11 for the twelve subject

content items. For the seven regular math items with subject content, |

P

Insert Table 11 about here

an average bias index of -.2749 was found. For the five data suffi-

clency items with subject content, an average bias index of -.0930

was generated. Thus, although data sufficiency ;tems are generally

/ A
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biased in favor of females, when only those data sufficiency items
with sdﬁject content are investigated, even the data sufficienéy
iqam; are biased, glthough Bnly alightly, in favor of males. It is,
hnqgver, digg;cult to define the existence orqnonexiétencg of a
relationship between séecific stereotypical subject contgﬁfiand b1;§
due to the small number of subject contentaiteﬁs as Eumpargg to the
aumber of variables needed to control for (e.g., item type, anteAt
type, pronoun usage). Thus,:éléﬁougﬁ thg/éééen subject matter

"regular math 1teng'arq,§he é;ntenf“iiﬁﬁﬁ*ﬁﬁst'bitséd against fema;;s;
and the data sufficiency ;ubject,itéms were also biased against o
females, onélcénnot say it is due to theitoaﬁééific hteggoéypical
content. No r;latiohship éould bevassumed on the basis of the
correlation coefficient between s;ereqtypica}ﬁﬁale or female intgrest
subject content énd~i£em bias assuming the data sufficiency and
regular math groupings (tcntent fype, and pronoun usage were not
controlled for). | il *
1t should be remembered that "bias" as.defined here, is based

on iteém performance relative éo other items, not on absolute differ-

ences between the sexes. Items "biased" in favor of females nmay

nonetheless be succeeded on more often by males.
}

a

23
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Summary of Sctatistical Findings

“a

—_Overallz

1) Performance on thiﬁfform of the.SAT-V was virtually equiv-
\\‘ . -

alent for males and females. \\ —

2) On the average; males pé¥formed betfer than females on the

\ =

Y :
T SAT-M. . \l\‘ - - - N .

%
H

y
3) Within SAT-M, males performed better on both the regular
R .
rath and data sufficiency items. Females do relatively better on

the data sufficiency items aS"combatéd to their performance on reg-

i
ular math items. . 3

¢
. -

Ed

Verbal Bias: . ) .

-

1) Twelve verbal items were foqnd to be biased by the arbitrary

criterion for values of D--nine (9) in favor of males, three (3) in .

5

Al

favor of femiles. Six'(G)aof the nine (9) items biased 1n*}avor of
males 1n§olved stgreotyyical male interests. Tw; of the three itéms
biased i~ favor-of females'iqvolved personality characteristics, a -
btereotypical femgle interest. 7 )

2) World of Practical Affairs and Science items are somewhat
biased, on the average, in favor of males. ’ ; :

3) Aesthetic-Philésophical and Human-Relationship -items are
somewhat biased; on the average, in favor bf'female;. ‘ -

4) Analysis by verbal item type did not prove as. fertile as

did analysis by content. Sentence completion and analogy items were

Y
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slightly biased in the male favor. Reading comprehension and antonym

items were slightly biased in the female direction.

1

5) More references were made to male nouns and pronouns than

female. These references were generally stereotypical and offered

a limited view of female pursuits. ST . - - ti;h

'6)‘ Explicit reference in an item to male or female characters
and -the use of gender-oriented pfbnouns’was_not related to either

the difficulty or bias index of the individual item.

s 4 -
o .

Matﬁ-Bias: ' t

. 7

-n

&

¢ .. o -
1) Five (5) regular math items and two (2) data sufficiency . -

‘itema were found to be biased--five in favor of Tales, two in favor

of females.
2) Both regular math and data sufficiency geometry items were
biased on the average in favor of males.

«

3) Algebra and miscellaneou; regular. math items were'biésed
on the average in favor of females.

ih) References Vere‘m#de to males'mor; than twice as often as
to females. There did not seem to be a direct relationship between
the pronoun usage in a particular)item and that item's bias.

5) Real world references were more mixed and not quite as
male-oriented as in the vgrbal s2ction.

5) Subject content real world reference items showed an aver-

age bias in:.favor of males.

25 o
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‘ . . G'\
.‘“/4§ A relationship between stereotypical content and statistical .

-

bias“could not be showid for the 12 snbject content itens; o . - .
' ’ G < . )

e .
€

Educational significance

BNt .
" . -

The content of test questions may determine which of two stu— ) .

dents of equal ability ‘receives the higher score (Coffman, 1961;"

. L ° L4

\Donlon, 1973; Milton, 1958). Scores on aptitude tests, particularly T .
the’Scholastic Aptitude Test, partially determine both,henﬂs and ,‘“
P : Al iy , .

w, .

woinen's access to higher'education. Given the influence of aptitdde .

‘
?

. tests and in ,the interests of social- eQuali%g and fairness, ‘it be- 7 s
e W

AR

hooves us. to investigate these tests for possigle content bias. ‘ “
.t p
N :

Y ~ .

— » S oL, CT.
It is hoped-that this study will help make test users amd test,

\ Lt
,constructors more aware of possible sources of bias (e.g., item

S type, content, etc ) and aid in encouraging the development of un- I8
biased, or at least balanced, tests. The fﬂhdings sbouid,also be,

of value to the field practitioner--the test maker and the péfgon

who is guided by tests in the selection process. .~ - . . ' “

’ 7_\;' - . . e . ’ -
. - i o “'-1: - v ¥ T
‘ . ‘,The findings of virtual equivalence of male and'fgmale per~ . ~

formance on the verbal section does ndt supoort'the generalization
of Maccoby end Jacklin (1974) in regard to femaie rerbal superiority.
. The investigation of the relationship between item content and per-
] ‘ . ‘ formance suggests that no single genereiization eantdescribe enpir— ‘ ’_i o, z§§

-

ical outcomes when diverse groups gre considefed. In particular, no

generalization which ignores test content is adequate, as content

’
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. Table 1

Q

* for the SAT-Verbal and Mathematical Sections

D

SAT-Verbal (90 Items)

B , Test Score Data Item Data
7 | i No. of “’* o o AM"—l_),e_Ij_a_ nnnnnnn
Sample cases TR n s
Male * 1000 33.77 16.12 13,179 2.69
* Femele 1000 . 32.84 15.65 13.260 ©  2.78
gg;ziation 499,307 33.3  16.0
S S e e e == -
’ SAT-Mathematical (60 Items) ‘
. " Total Math (60 Items)
| Test Score Data Item Data
’ | Delta
, ., No. of .
: : Semple | cases i s n s
9 Male ' 1000 . 26.39 13.01 12.56 ENT AN
| Female % 1000 21.83 12.12 13.36 2,66
Popalation | 499:269 241 12.8
¥ o _‘ S .lgggular Math Items (42 Items) ’
. Male, /" 1000 18.63 - 9.82 12.53 2.48
Female 1000  15.22 9.23  13.38 2.70 ‘
. s S Data Sufficiency Items (18 Items) “
Male 1000 7.91 3.97 12.65 2.45
- Female 1000 6.72 3.78 13.32 2.56
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able 2

for Male (N=1000) and Female (N=1000) Samples®

-

——

£

—

"Ijoca{l Verbal - -
Tot§1 Math

Regﬁlar Math

5,

Data\Sufficiency
\ .

!

Tot.
Verbal

Tot. Reg. ‘ Data
Math Math Suff.

.6787
.6606
.5993 .

>

.6936 © .6748 .5739
.9729 .8625

.9788 - .6787

-2

.8598 .7399

# Correlations in upper triangle ( ™3 ) are for feméle sample.
Corrélations in lower triangle ( === ) are for male sample.

1
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Table 3 -

Distribution of D-Values and Summﬂfy Data for the Item Delta Plots

L

“for the Male and Female Samples

b .

T
——

e,

D—Vdiués'
.80 - .899
J0 = .79
.60 -  .699
50 = .599
40 - .499
(30 - .399

.20 - .299
10 - - 0 .199
.00 - .099

~=,10 ~-- -.001

-.20 - =-.101

T-.30 - -.201

-.40 - =.301

-.50 = =.401

-.60 - =-.501

, =70 -  -,601"
-.80 - =-.701
-.90 -~ ~-.801
-1.00 - -.901
~1.099 - =-1.000
~1.199 - -1.101
“MIN
MAX
Ry
SD
N
M

SAT-Verbal SAT-Mathemacicgl
~ Total Total Regulé; Dai.a
""" ~Verbal~— - - —-Math Math Sufficiency
1 - - -
2 - - -
4 2 1 -
5 -1 1 -
8 8 7 2
11 7 4 2
13 7 2 3
11 - 6- 6 4
"9 ( 5 6 2
5 i 8 5 0
2 8~ 4 1
1 3 3 - 2
6 2 0 .2
4 1 1 -
2 0 1 -
1 1 1 -
1 1 - -
3 - - -
1 - - -y
-1.024 -.815  ~.759 -.450
7 .705 .530 .567 T 42
.979 ,9868  .9864 " .99
.3959 .2938 .3006 L2478
90 v 60 42 18

0 0 0 0

31
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’ Table 4 -
. . D-Values for SAT-Verhal Delta Plot (90 Items)
. Section T Normalized . . - Normalized
Item # D-Value ‘D-Value® Item # D-Valye -. D-Value
1 4676 - 1.1811 21 5199 - 1,3131
2 .3516 .8881 2% 6294w -1.5898%
) 3 -.1980 - .5000 23 .4992 1.2608
4* -.9071% -2.2910% 2% 7053 1.7814%
5 -.0307 © - .0775 . 25 -.1918 - 4845
6 -.4450 -1.1240 26 ~.0074 - .0187
7 .2231 - 5636 27 .2138 .5399
8 2241 .5661 28 .0366 .0925
.9 -.5880 -1.4852 : - 29 .2785 7034
10 1340, .3385 . 30 -.4746 ~1.1988 ‘
RIS .4339 11.0961.- 31 -.1467 - .3705
12 .2180 ° .5505 32 -.4704 -1.1882
- 13 .0335 .0847 33%  -.9666% ° -2.4414%
14 -.4829 . -~1.2196 % . .2262 .5714
) 15 .008L. . - .0206 - - 35 .1242 3136
i 16 -.2928 - .7395 36 .1910 '.4823
, 17 5199+ 1.3131 37 -.5906 -1.4918
18 .1216 .3070 38 .0703 .1775
19 .0522 .1317 39%  -.6005%  -1.5167*
20 .1060 °  .2678 40 .1987 .5020
3 The normalized D-Value is equai to ) zvg-%g:;ues' The standard
deviation of D-Values for the Total Verbal section = .3959.
'3
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‘Table 4 (Continued)

-
g

‘ Section II Normaliz . . . Normalized

2

Itex # - D-Value _D-Value Iten#  D-Value _D-Value'
1 .3003 .7585 26 ' .1500 " .3790
- 2 < .0128 L0324 27 -.0881 - .2226
3 .2003 .. .5060 ° 28 L2314 - 5845 o
’ 4 L0568 . 1436 29 -.0053 - .0134 -,
©. s .1693 4275 30% - -.B765%  =2.2138%
.6 .3340 8435 - T 31 . -.0022--- < .0056
7 -.1441 - .3640 32%  -.9614%  =2.4284%
‘ 8- -.2829 - .7146 .33 . . .1500  .3790
9 .0594 .1501 - 34,0112 - 0283
n 10 .1034 .2613 35 . .1682 4247
] 11*  -1.0236* ~T=2.5853% .. 36 . .1335 L3372 ,
128 -.7382% . -1.8645% 37 3676 9285 —
13- -.0659 - .1665 38 4111 1.0384 .
. 14 ~.0530 ~ .1338 : 39 L3246 /.8199
15 =.0457 = .1155 40 .5069 _1.2804 .
.16 .3034 L7663 41 -.4316 -1.0901 L
17 -.5518°  "-1.3937 ., 42 .3526 .8905 -
18 4458 7 1.1260 43 .0314 L0794
19°  -.3093 - .7812 44  .2293 . .5792
20% .6189% 1.5631% 45 2345 .5923
2 -.4347  -1.0979 46 .0822 - ..2077
22 -.1648 - .4163 47 .2392 . .6041
23%  -.6445%  -1.6278% 48 -.0255 - 0644
. 24 .6768% 17005 . 49 is017 1.2673 T

- 25 3582 . 9049 50 .1491 T .3765°
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: - ’ Table "6
Analysis of SAI—Discfete.Verbal Items

by -Assembler's Formal Classifications

; S Mean Mean A
. ) : Mean Normalized Difference e
Classification ~ Frequency D-Value D-Value (F-M)
World of Practical Affairs . 15  =.2471  -.6241 - -4533
Science - 15 -.1370 . =3461 -.2733
I - ) \i &
® Aesthetic-Philosophical 13 2017 .5095 1846
Yuman Relationships 11 1230 .3106 .1000
] A o L
3 H
¢ v,

.‘.;




Table 7=~

Analysis of SAT-Verbal by Item Type

C

Mean
. . Mean Normalized
Ttem Type . Frequency D-Value D-Value
Sent;énce (iompletion 18 -.0855 2,2159
Antonym o, 18 .0390 .0985
Analogy ) 19 <.0587 -.1482
. Reading Comprehension 35 ;0558 * 41408
Total = _9-6 .
e
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Table 8 ‘
D-Values for Delta Plots of SAT-Mathematical
Total Math / ; 7
(N=60) e
. //
Normalized T Normalizgd
Item # D-Value _D-Value® Item # D<Value _D-Value
Section III Sectinfi IV
© 1, -.2801 - .9533 1* -.5521*% ~1.8788%
2% .4638*% 1.5784% ’ 2 -.1070 - .3640
3 =.2590 - .8814 3 .2015 .6857
4. -.3586 -1.2204 L = & -.0027 ~ .0091
5 -.2016 - .6862 - 5 ~.4269 -1.4529
6 -.1443 - .%910 6 ©.0336. 1142
7 1175 .3999 7 .0495 .1683
8 -.1026 - .3490 8 .3373 1.1480
9 -.0134 - .0455 9 .3003 1.0219
10 .0489 .1665 10 '+ -.0559 - .1902
11, .3107 " 1.0574 11 -.0976 - .3322
12 .3318 1.1293 12 .1697 L5774
13 . -.1078 - ,3668 13 "~.2859 - .9728
14 .1120 ..3813 14 3368 1.1462
15% -.8149* =2.7734% 15 T .3368 1.1462
16% -.7524% - -2.5604% 16 -.1346 - 4582
17 .1955 .6652 ~ 17 -.0144 - .0492
18 -.4069 -1.3846 i8 3324 1.1312
19% .5039*% 1.7149% 19 -.3849 -1.3100
20 .2056 - .6998 20 . -.3010 -1.0243
T2l -.1240 ' - .4218 21 - .1540 .5242
)22 -.2708 - .9214 22 .1329 .4523
23 .2262 .7698 23 .2690 ,9155
24 -.1975 - .6721 24 .0390 .1328
75 -.2137 - .7272 25 .2901 .9874
. 26 .0808 ".2748
27 .0959 .3262
. s .28 .2742 *a  .9332
- Fy 29 .1806 .6147 |
5 30 -.1758 ‘- 5984
. . 31 .3733 1.2704
32 -.2710 - .9224
33 -.2i81 - 7422
34 . 2419 .8231
35% .5297% 1.8027*
2 Standard deviation of

all Math items = ,2938. ’ e
Reg. Math items = .3006. ‘
Data Suff, items = .2478.

Standard deviation of
Standard deviation of

- .. - - ' *
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Table 8 (Qontinued)

/

Regular Math . ¢ Data Sufficiency
(N=42) - . C (N=18)
Normalized N Normalized
Item # * D-Value _D-Value® . Item # *\ D-Value _D-Value®
Section T1l . " Seetion IV .
1 -.2633 , - .8759 18 .3054 1.2322
2% 4523% 1.5048% o 19% -.4358%  -1,7585%
3 -.2501 - .8323 . 20 . =3293  ~1.3286
4 -J3430 - -1.1412 21 0859 . .3468
i 5 -.1835 . - .6107. C 22 .:.0453 1829
- § -.1169 - .3891 .- 223 .1836 7406
7 .- 614 4705 24 -.0117 - 0471
8 - -.0685 - .2279 " 25 2242 L9045,
9 0122 ° . 0407 26 - .0137 .0552- ™\
10 .0960 .3194 27 -.0327 - 1320 -
11 .3544 - 1.1790 28 _ 1867 7534 .
12 .3675 11,2226 29 577 - 6361
13 -.0746 - (2481 30 -.2533 -1.0219
14 * 1465 4873 31 L2469 9962
15% . -,7588% | -2,5247% 32% . -,4500%  -1,8156*
16% -.6862% -2,2830% 33 -.3345 ~1.3496
17 ",2433 .8096 34 .0560 .2258
18 -.3420- -1.1379 35 .3419 1.3796
19% .5673% 1.8874*% : ‘
20 .2665 .8868 _
2 -.0705 - 237
22 -.2068 - .6880
23 .3018 1.0043
24 -.1331 - 4429
25 _ -.1291 - 4295 . .
Section IV . ‘ . P
1* -.5448% ~1-.8127%
2 -.1078 - .3588
3 .2161 ©,7190
4 - .0133 0441
5 . =.,3995 ° -1,3293 -
6 - .0667 . - .2220 oo
7 .0738 . 2456
8 .3624 " 1.2059 :
/-9 .3422 1.1387 )
/10 -.0029 © - .0097
11 -.0514 - .1709
12 .2020. .6720
13 - 2471 - ,8223
14 .3846 . 1.2797
15 3846 1.2797
16 -.0715 . - .2380

17 .0566  .1884

J8
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i . e ‘/ .. "
‘ v Table 10 T .
. . Mean Bias by Assembler's Classification Code and Item Type
d ) :
° for SAT-Mathematical Items
v aJ’ Classification Ite;xl i . a.° Mean
Code Type - Frequency Items Eliminated™ . D-Value
Geometry ’ ' B
— - -
A1l 18 . ) -.1214
" Reg. Math * 1l. Sect. III-23 & 05, . =.1772
) Data Suff. 4 Sect. IV-34 -.10%4%
’ . Total " 15’ Sect. ITI-23 & 25; .  -.1627
3 T ! Sect. IV‘:34 ' a
N Arithmetic. .
: , 4 > ’
. v All 17 e -,0221
. " Reg, Math  12° None ~.0260-
. " Data Suff. - 4 Sect. IV-32 L1111
Total 16 Sect. IV-32 -.0066
Algebra T .
. A1l Y .0889
# N PO o .
o Reg. Math 12 None R .0970
~ Data SSff. 4 Sect. IV-35 . =.0108
’ Total . 16 Seéct. IV-35 .0614
Miscellaneous ’ ' ’ j
A1l 8 1311
Reg. Math * 5 "None +1850
Data Suff. 3 Noﬁe .0293
. Total ‘None °~ L1311
8 Items were eliminated on the basis of high delta-values and near end
Q position for a given section. ‘
RIC ’ : 40 ‘
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o Figure 1. Delta Plot of SAT Total Verbal Section (n=90 items) for Male and Female:Samgle.
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Figure 2. Delta Plot of SAT Total Math Section (n=60 items) for Male and Female Samp]
r =.9868
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Figure 3. Delta Plot of SAT Regular Math Items (n=42) for Male and Female Sample.
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Figure 4.

. \ - 3
Delia Plot of SAT Data Sufficiency Items (n =18 items) for Male and Female Sample.
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